A taxonomic study employing a polyphasic approach was carried out on strain FT102
A small clade of Gammaproteobacteria, the genus Kangiella, is interesting because of its position in the phylogenetic tree. The genome sequence of the type strain of the type species Kangiella koreensis was determined as part of the Genomic Encyclopedia of Bacteria and Archaea project (Han et al., 2009) . At the time of writing, the genus Kangiella consists of eight species with validly published names, and the type strains of all species were isolated from samples collected in shallow water marine environments, including tidal flat zones, coastal seawater and sediments, and marine sponges (Yoon et al., 2004 (Yoon et al., , 2012 Romanenko et al., 2010; Ahn et al., 2011; Jean et al., 2012; Lee et al., 2013) . The genera Kangiella and Alcanivorax are the only sibling genera in the family Alcanivoraceae. In contrast to the unknown ecological function of Kangiella, the alkane-degrading ability of a collection of Alcanivorax was extensively investigated (Wang & Shao, 2013) . A recombinant alcohol dehydrogenase (ADH) from K. koreensis was tested for the production of alltrans-retinol (Hong et al., 2015) , which reflects an attempt to utilize Kangiella as an alternative source for the bio-prospecting of genes that are associated with the aquatic habitat.
Strain FT102
T was isolated from a deep-sea sediment sample (2784 m) that was collected from the south-west Indian Ocean (378 469 590 S 498 389 540 E) using a TV-Grab sampler. It was recovered anaerobically on marine agar 2216 (MA; BD). All physiological and biochemical tests were performed under aerobic conditions unless otherwise indicated. Colonies on MA were smooth, raised, light yellow and 1.5-2.0 mm in diameter after incubation for 5 days at 30 8C. The reference strains K. koreensis JCM 12317 T , Kangiella aquimarina JCM 12318 T , Kangiella japonica JCM 16211 T and Kangiella taiwanensis JCM 17727 T were obtained from the Japan Collection of Microorganisms (JCM), and Kangiella spongicola DSM 23219 T was obtained from the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ). These bacteria were grown in marine broth 2216 (MB; BD). Morphological characteristics of cells from exponentially growing cultures were observed by light microscopy (BA310; Motic) and transmission electron microscopy (Tecnai G2 spirit Biotwin; FEI). The growth temperature was tested at 4, 10, 15, 20, 25, 28, 30, 37, 40, 45, 50 and 55 8C on MA over 15 days, and the growth pH was investigated between pH 4.0 and pH 10.0 (at intervals of 0.5 pH unit) at 37 8C over 7 days on MB with sodium acetate/acetic acid and sodium carbonate buffers. Sodium salts and agar in the MA were removed to make a basal medium that was supplemented with 0-20 % (w/v) NaCl (at intervals of 1 %) to test NaCl tolerance at 37 8C over 7 days. Growth under anaerobic conditions was determined after incubation in a vinyl anaerobic chamber (COY; N 2 /H 2 , 97.5 %:2.5 %) on MA and on MA supplemented with potassium nitrate (0.1 %, w/v), both of which had been prepared anaerobically under a nitrogen atmosphere. Catalase activity was determined using 3 % H 2 O 2 . Oxidase activity was indicated by the oxidation of tetramethyl-p-phenylenediamine. Gram staining, nitrate reduction and the hydrolysis of casein, hypoxanthine, xanthine, starch, L-tyrosine, aesculin, and Tweens 20, 40, 60 and 80 were accomplished by following the general procedures described by Dong & Cai (2001) . Acid production from carbohydrates was tested as described by Leifson (1963) . Sensitivity to different antibiotics was determined by using antimicrobial susceptibility discs as described by Lee et al. (2013) . Good growth occurred in the presence of gentamicin, tetracycline, kanamycin, neomycin, roxthromycin, streptomycin, vancomycin, carbenicillin and novobiocin. Other physiological and biochemical tests were performed with the API 20E and API ZYM systems (bioMérieux). Physiological properties are given either in the species description or in Table 1 . Obvious differences, such as the API ZYM results and susceptibility to antibiotics shown in Table 1 , support the conclusion that the strain FT102
T might represent a novel species.
Cells for cellular fatty acid analysis were harvested from 72 h cultures grown at 30 8C in MA. Fatty acids were extracted and analysed following the instructions from the Microbial Identification System operating manual (Sasser, 1990) . The complete cellular fatty acid profiles of strain FT102
T and the five reference strains (K. koreensis JCM 12317 T ,
T and K. taiwanensis JCM 17727 T ), which were grown and analysed under identical conditions in this study, are compared in Table 2 . As found for other species of the genus Kangiella, strain FT102
T contained iso-C 15:0 as the major fatty acid (Table 2) . Isoprenoid quinones were extracted and purified according to Minnikin et al. (1984) . The purified isoprenoid quinones were analysed using a reverse-phase HPLC method (Lee et al., 2013) . K. aquimarina JCM 12318 T was used as the reference strain for the isoprenoid quinone analysis. The predominant isoprenoid quinone detected in strain FT102
T was ubiquinone-8 (Q8, 68.1 %), in accordance with the predominant isoprenoid quinone in all recognized species of the genus Kangiella. Phospholipid analysis was carried out as described by Tindall (1990) . Separated spots of polar lipids on two-dimensional TLC plates consisted of phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE) and phosphatidylmonomethylethanolamine (PME) as the major polar lipids (Fig.  S1 , available in the online Supplementary Material).
The G+C content of the DNA was determined using a HPLC method. DNA was hydrolysed with perchloric acid (Guaranteed Reagent), and the resultant nucleotides were analysed by reversed-phase HPLC using a C 18 column, as described in a previous report (Tamaoka & Komagata, 1984) . The DNA G+C mol% value was calculated based on the ratio of G/G+T mol% according to Mesbah et al. (1989) . The DNA G+C content of strain FT102
T was 45.0 mol%, a value that was close to those reported for other species of the genus Kangiella (Table 1) .
Genomic DNA was extracted as described by Chen et al. (2005) . To minimize RNA contamination, RNase T1 was used in combination with RNase A. Amplification of the 16S rRNA gene sequence was performed as described by Yoon et al. (1998) . Sequence analysis was conducted using the BLAST network service provided by the NCBI (Altschul et al., 1997) . Sequence data were manually aligned with the nucleotide sequences obtained from the GenBank database using the DNAMAN software (Lynnon Biosoft, version 5.1). Phylogenetic dendrograms of 16S rRNA gene sequences were reconstructed with three different algorithms: the neighbour-joining method using MEGA software version 6.0 (Tamura et al., 2013) , and the maximum-likelihood and maximum-parsimony methods using the PHYLIP software package version 3.69 (Felsenstein, 2004) . The topology of the tree was evaluated by performing a bootstrap analysis (Felsenstein, 1985) using 1000 replications.
DNA-DNA hybridization was carried out by using the dotblot method as described by Chen et al. (2005) . Genomic DNA was denatured by boiling for 10 min and was then quickly chilled on ice. Denatured DNA was dotted on a nylon membrane (Hybond-N + ; Amersham Biosciences) and immobilized by UV cross-linking. To prepare hybridization probes, genomic DNA was digested with Hae III. Fragments of 500 bp to 5 kb were collected and labelled as a probe. The pre-hybridization and hybridization steps were processed at 45 8C according to the instruction manual of the DIG High Prime DNA Labelling and Detection Starter kit II (Roche Diagnostics). Type strains of K. aquimarina and K. koreensis were used as reference strains.
An almost complete 16S rRNA gene sequence (1461 nt) of strain FT102
T was obtained and compared with the GenBank/EMBL/DDBJ databases using BLAST. The phylogenetic tree (Fig. 1) shows that strain FT102
T formed a distinct branch with K. aquimarina SW-154 T and K. koreensis SW-125 T . The novel strain showed 16S rRNA gene sequence similarity values of 98.6, 98.2, 96.7, 96.5, 96.2, 96.2, 95.5 and 95 .5 % to the type strains of K. aquimarina, K. koreensis, K. marina, K. taiwanensis, K. geojedonensis, K. spongicola, K. sediminilitoris and K. japonica, respectively. Sequence similarities to the other species used in the phylogenetic analysis were less than 87.97 %. DNA-DNA relatedness values below 70 % have been recommended for the recognition of novel genomic species. (Wayne et al., 1987 *Summed features represent groups of two or three fatty acids that could not be separated by the Microbial Identification System. Summed feature 1 contained C 13:0 3-OH and/or iso-C 15:1 H/I; summed feature 3 contained C 16:1 v6c and/or C 16:1 v7c; summed feature 9 contained C 16:0 10-methyl.
Thus, according to the phylogenetic relationships, DNA-DNA hybridization data, and physiological and chemotaxonomic comparisons, we determined that strain FT102 T represents a novel species of the genus Kangiella, for which the name Kangiella profundi sp. nov. is proposed.
Description of Kangiella profundi sp. nov
Kangiella profundi (pro.fun9di. L. gen. n. profundi of/from the depths of the sea).
Cells are non-motile, Gram-stain-negative rods (0.5-0.8|2.5-3.5 mm). Colonies on MA are smooth, raised, light yellow and 1.5-2.0 mm in diameter after aerobic incubation for 5 days at 30 uC. Optimal growth occurs at 37-42 uC; growth occurs at 10 and 50 uC, but not at 4 or 53 uC. The optimal pH for growth is between pH 6.5 and pH 8.5; growth does not occur at pH 6.0 or pH 10.0. Optimal growth occurs in the presence of 1-4% (w/v) NaCl; growth occurs at 1-14% (w/v) NaCl. Oxidase-and catalase-positive. Anaerobic growth occurs on MA and on MA supplemented with nitrate. Casein, L-tyrosine and Tweens 20 and 80 are hydrolysed, but aesculin, hypoxanthine, starch and xanthine are not. Nitrate is not reduced under aerobic conditions. Nitrate is reduced to nitrogen gas under anaerobic conditions. Acid is not produced from L-arabinose, cellobiose, D-fructose, D-galactose, D-glucose, myo-inositol, lactose, maltose, D-mannitol, D-mannose, melibiose, melezitose, raffinose, L-rhamnose, D-ribose, D-sorbitol, sucrose, trehalose or D-xylose. In assays with the API ZYM system, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin and naphthol-AS-BI-phosphohydrolase activities are present, but lipase (C4), cystine arylamidase, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase activities are absent. The predominant ubiquinone is Q-8. The major fatty acid is iso-C 15:0 . The major polar lipids are PG, DPG, PE and PME. , the type strains of other species of the genus Kangiella and representatives of some other related taxa. Bootstrap values (expressed as percentages of 1000 replications) .50 % are shown at branching points. Filled circles indicate that the corresponding nodes were also recovered with both the maximum-likelihood and the maximum-parsimony algorithms. Open circles indicate that the corresponding node was also recovered with the maximum-parsimony algorithm. Escherichia coli ATCC 11775 T (GenBank accession no. X80725) was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
